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Introduction {#jah32211-sec-0004}
============

Acute heart failure (AHF) is a major and growing health issue in developed countries. It is the leading cause of hospitalization, involving more than 1 million people hospitalized each year in the Unites States, as well as in Europe.[1](#jah32211-bib-0001){ref-type="ref"} Given the high rates of in‐hospital mortality[2](#jah32211-bib-0002){ref-type="ref"}, [3](#jah32211-bib-0003){ref-type="ref"} and postdischarge re‐hospitalization or death,[4](#jah32211-bib-0004){ref-type="ref"} a prompt strategy for risk stratification and subsequently tailored therapy would be helpful to improve clinical outcomes. The Seattle Heart Failure Model[5](#jah32211-bib-0005){ref-type="ref"} and the Heart Failure Survival Score[6](#jah32211-bib-0006){ref-type="ref"} were validated to predict survival and prognosis in patients with heart failure. However, the complexity of these scoring systems has dampened the applications in clinical practice.

Spinar et al[7](#jah32211-bib-0007){ref-type="ref"} recently developed the AHEAD (A: atrial fibrillation; H: hemoglobin; E: elderly; A: abnormal renal parameters; D: diabetes mellitus) scoring system as a simple, bedside clinical prognostic model in a multicenter prospective registry of AHF, involving 5846 patients. Based on age and comorbidities, each 1‐point increase of AHEAD score was associated with ≈10% excessive 1‐year mortality. However, whether there are discrepancies or not, the prognostic values of the AHEAD score in different phenotypes of AHF remains to be elucidated.

We therefore investigated the clinical significance of the AHEAD score to predict long‐term prognosis in an Asian AHF cohort comprising AHF subjects with either reduced or preserved left ventricular ejection fraction (HFrEF or HFpEF).

Methods {#jah32211-sec-0005}
=======

Study Population {#jah32211-sec-0006}
----------------

The study population was drawn from the heart failure registry of Taipei Veterans General Hospital (HARVEST registry) that included patients hospitalized for AHF, defined as new‐onset or gradually or rapidly worsening heart failure symptoms and signs requiring urgent therapy. Consecutive AHF patients with New York Heart Association functional class III or IV symptoms, compatible presentations of chest radiograph, and responses to diuretics, were enrolled.[8](#jah32211-bib-0008){ref-type="ref"}, [9](#jah32211-bib-0009){ref-type="ref"} Subjects with acute coronary syndrome, severe hepatic disease, or severe infection were excluded from this analysis. In a total of 2663 eligible subjects hospitalized primarily for AHF from October 2003 to December 2012, 2143 patients with complete data of hematology, biochemistry, and echocardiogram constituted this study population. The investigation conformed with the principles outlined in the Declaration of Helsinki and was approved by the institutional review board of Taipei Veterans General Hospital. Given the nature of an administrative registry, informed consents were waived.

Definition and Covariates {#jah32211-sec-0007}
-------------------------

AHEAD score was calculated by assigning 1 point for each of A: atrial fibrillation, H: hemoglobin \<130 g/L for men and 120 g/L for women, E: elderly (age \>70 years), A: abnormal renal parameters (creatinine \>130 μmol/L), and D: diabetes mellitus.[7](#jah32211-bib-0007){ref-type="ref"}

Left ventricular ejection fraction (LVEF) was measured by 2‐dimensional‐guided M‐mode echocardiogram.[10](#jah32211-bib-0010){ref-type="ref"} Patients with a LVEF of 50% or higher were defined as HFpEF, whereas those with a LVEF of less than 50% were defined as HFrEF. Hemogram, renal function, serum electrolytes, and N‐terminal pro‐brain natriuretic peptide (NT‐proBNP) were measured immediately upon presentation to the hospital. Uric acid and the lipid profiles were obtained at fasting the next morning. Estimated glomerular filtration rate was then calculated using the modified glomerular filtration rate estimating equation for Chinese patients.[11](#jah32211-bib-0011){ref-type="ref"} Comorbidities were identified by medical history and the associated measures during the index hospitalization. Therefore, atrial fibrillation was diagnosed based on past or ad‐hoc ECGs. Diabetes mellitus was confirmed by medical records and a glycosylated hemoglobin ≥6.5% during the index hospitalization. Hypertension was defined according to medical records. Renin--angiotensin system inhibitors were referred to either angiotensin‐converting enzyme inhibitors or angiotensin II receptor antagonists. Given that the commercialized measurement of NT‐proBNP (Roche Diagnostics, Basel, Switzerland) was available only after 2009, some patients had missing NT‐proBNP data in this analysis.

The clinical end point was the occurrence of all‐cause mortality or cardiovascular death. Mortality in the study population was ascertained by the International Classification of Diseases, 9^th^ Revision coding in the National Death Registry with a follow‐up duration of up to 3 years. Cardiovascular death was ascertained based on the International Classification of Diseases, 9^th^ Revision codes of the primary cause of mortality from 390 to 459.15.

Statistical Analysis and Model Performance {#jah32211-sec-0008}
------------------------------------------

Continuous variables are presented as the mean and SD, and categorical variables are presented as numbers and percentages. One‐way ANOVA or Kruskal--Wallis H test, whenever appropriate, was used for comparisons of continuous variables between groups, and the χ^2^ test was used for categorical variables. Survival analysis according to scores was carried out by the Kaplan--Meier method, and comparisons were made using the log‐rank test. Cox regression was used to examine the associations of AHEAD score with all‐cause mortality and cardiovascular mortality, hazard ratios, and 95% CI of every 1‐point increase in AHEAD score were calculated. Variables, which were independently related to mortality in the multivariate models, were used to compute a new scoring index, in addition to AHEAD. The likelihood ratio χ^2^ statistic was initially used to test whether the incorporation of new variables into the AHEAD model, consisting of 5 parameters, could give a better fit than the original model. The Akaike information criterion was then used to compare the model fit of prognostic scoring systems. Improvement of prognostic accuracy from the new scoring index was assessed by calculating the net reclassification improvement with category‐free and category‐based methods,[12](#jah32211-bib-0012){ref-type="ref"} using the original AHEAD index as the reference. Another cohort of AHF[13](#jah32211-bib-0013){ref-type="ref"} was enrolled from January 2013 to September 2015 to validate the new prediction model. We used the Cox proportional hazards model that only included the new scoring index or AHEAD index to estimate the individual risk of mortality. For category‐based net reclassification improvement, subjects were categorized into 3 groups based on predicted probability of deaths, utilizing 2 risk cut‐offs determined by the 25th and 75th percentiles of the distribution of observed 3‐year mortality rates. A 2‐tailed *P*\<0.05 was considered statistically significant. Statistical analyses were performed using the IBM SPSS software version 22.0 (SPSS Inc, Chicago, IL) and SAS software, version 9.4 (SAS Institute Inc, Cary, NC).

Results {#jah32211-sec-0009}
=======

Characteristics of Study Population {#jah32211-sec-0010}
-----------------------------------

A total of 2143 patients (age 77±12 years, 68% men, 38% HFrEF) constituted this study, and they were characterized by multiple comorbidities: 60.1% had hypertension, 38.1% had diabetes mellitus, 30.1% had coronary artery disease, and 39.3% had atrial fibrillation. The mean AHEAD scores were 2.7±1.2 in the study population, 2.6±1.3 in HFrEF, and 2.7±1.1 in HFpEF. Along with the increasing AHEAD score, patients were older, had more diabetes mellitus and atrial fibrillation, and had lower hemoglobin, estimated glomerular filtration rate, and total and low‐density lipoprotein cholesterol, but higher creatinine and NT‐proBNP levels (Table [1](#jah32211-tbl-0001){ref-type="table-wrap"}). LVEF, prevalence of hypertension, and uric acid levels were also significantly different between patients with various AHEAD scores. In addition, subjects with de novo heart failure tended to have lower AHEAD scores. The prescriptions of β‐blockers, mineralocorticoid antagonists, and statins, but not renin‐angiotensin system inhibitors were significantly different among patients with various AHEAD scores.

###### 

Baseline Characteristics, Stratified by AHEAD Score

  Variable                                                          AHEAD Score      *P* Value                                                                               
  ----------------------------------------------------------------- ---------------- ---------------- ----------------- ----------------- ----------------- ---------------- ---------
  Age, y                                                            54±12            68±15            77±12             79±10             81±7              80±5             \<0.001
  Male sex, n (%)                                                   47 (39)          190 (50)         351 (54)          474 (69)          329 (72)          58 (67)          0.121
  LVEF, %                                                           44±19            51±20            56±20             56±18             56±18             52±19            \<0.001
  HFrEF, n (%)                                                      41 (64)          137 (46)         186 (34)          247 (36)          164 (36)          42 (49)          \<0.001
  BMI, kg/m^2^                                                      26±4.4           25.5±5.2         24±4.8            24.3±4.6          25.3±4.8          25.8±4.3         0.002
  De novo heart failure, n (%)                                      17 (27)          83 (28)          112 (21)          145 (21)          76 (17)           12 (14)          0.003
  Comorbidities, n (%)                                                                                                                                                       
  Hypertension                                                      25 (62)          148 (61)         295 (48)          450 (65)          315 (69)          54 (63)          \<0.001
  Diabetes mellitus                                                 0 (0)            43 (14)          116 (21)          254 (37)          317 (69)          86 (100)         \<0.001
  Coronary artery disease                                           18 (28)          94 (31)          167 (31)          194 (28)          147 (32)          25 (29)          0.746
  Atrial fibrillation                                               0 (0)            41 (14)          160 (30)          311 (45)          245 (53)          86 (100)         \<0.001
  COPD                                                              2 (3)            38 (13)          84 (16)           118 (17)          77 (17)           11 (13)          0.04
  Hematology and biochemistry                                                                                                                                                
  Hemoglobin, g/dL                                                  14.7±1.4         13.8±1.9         12.3±2.2          11.2±1.9          10.5±1.6          10.5±1.3         \<0.001
  Creatinine, mg/dL                                                 1.1±0.2          1.2±0.6          1.4±1.1           2.1±1.6           2.5±1.4           2.8±1.4          \<0.001
  eGFR, mL/min per 1.73 m^2^                                        82±27            72±25            64±27             47±29             33±19             26±11            \<0.001
  Sodium, mmol/L                                                    140±3            139±4            139±5             139±5             139±5             138±7            0.246
  Uric acid, mg/dL                                                  9±3              8±3              8±3               9±3               9±3               8±3              \<0.001
  Total cholesterol, mg/dL                                          162.5±42.7       162.6±48.5       153.8±38.7        156.3±43.5        152±41.8          142.7±38.6       0.018
  LDL cholesterol, mg/dL                                            104.9±31.0       99.9±36.2        93.7±32.5         94.6±35.7         89.7±33.4         80.6±31.0        \<0.001
  NT‐proBNP, pg/mL[a](#jah32211-note-0002){ref-type="fn"} (n=767)   3.5±0.5 (n=17)   3.5±0.7 (n=84)   3.7±0.6 (n=205)   3.8±0.6 (n=259)   3.8±0.5 (n=171)   3.9±0.5 (n=31)   \<0.001
  Pharmacological therapy, n (%)                                                                                                                                             
  RAS inhibitors                                                    54 (84)          247 (83)         459 (85)          560 (81)          393 (85)          76 (88)          0.235
  β‐Blockers                                                        48 (75)          194 (65)         336 (62)          409 (59)          310 (67)          59 (69)          0.015
  MRAs                                                              42 (66)          197 (66)         322 (59)          358 (52)          255 (55)          48 (56)          0.001
  Statin                                                            27 (42)          102 (34)         195 (36)          271 (39)          219 (48)          36 (42)          0.002

AHEAD indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus; BMI, body mass index; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HFrEF, heart failure with reduced left ventricular ejection fraction; LDL, low‐density lipoprotein; LVEF, left ventricular ejection fraction; MRAs, mineralocorticoid antagonists; NT‐proBNP, N‐terminal prohormone brain natriuretic peptide; RAS, renin--angiotensin system.

NT‐proBNP were log‐transformed.

Prognostic Values of AHEAD Score {#jah32211-sec-0011}
--------------------------------

During a mean follow‐up duration of 22±14 months, 838 patients (39%) died and 375 patients (18%) died of cardiovascular causes. Kaplan--Meier survival curve analysis demonstrated a significantly increased mortality along with an increase in AHEAD score in the total study population and in subjects with either HFrEF or HFpEF over a 3‐year follow‐up period (Figures [1](#jah32211-fig-0001){ref-type="fig"} and [2](#jah32211-fig-0002){ref-type="fig"}). In univariate Cox regression analysis, the AHEAD score was associated with an increased risk of all‐cause mortality (hazard ratio and 95% CI: 1.38, 1.30--1.47) and cardiovascular mortality (1.37, 1.25--1.50) in the total study population. The correlations of AHEAD score and mortality remained significant in subjects with either HFrEF or HFpEF (Table [2](#jah32211-tbl-0002){ref-type="table-wrap"}). After accounting for sex, LVEF, sodium and uric acid levels, comorbidities, and the prescribed medications, AHEAD score was still related to all‐cause (1.49, 1.38--1.60) and cardiovascular mortalities (1.48, 1.33--1.64) in the study population (Table [2](#jah32211-tbl-0002){ref-type="table-wrap"}, model 1). The independence of AHEAD score in the predictions of clinical outcomes remained significant in subjects with either HFrEF or HFpEF (Table [2](#jah32211-tbl-0002){ref-type="table-wrap"}, model 1). With further adjustments for NT‐proBNP, the prognostic values of AHEAD score persisted for total and cardiovascular mortality in the study population (Table [2](#jah32211-tbl-0002){ref-type="table-wrap"}, model 2). However, AHEAD score remained predictive of mortality in patients with HFrEF, but not in HFpEF. When we classified HFrEF with a LVEF of \<40% according to 2016 European Society of Cardiology guidelines,[9](#jah32211-bib-0009){ref-type="ref"} the results remained unchanged (Table [2](#jah32211-tbl-0002){ref-type="table-wrap"}).

![Kaplan--Meier survival curve analysis in the total study population, stratified by AHEAD score.](JAH3-6-e004297-g001){#jah32211-fig-0001}

![Kaplan--Meier survival curve analysis in heart failure subjects with either reduced (HFrEF, n=817) or preserved ejection fraction (HFpEF, n=1326), stratified by AHEAD score.](JAH3-6-e004297-g002){#jah32211-fig-0002}

###### 

Hazard Ratios and 95% CIs of a 1‐Point Increase in AHEAD Score for Long‐Term All‐Cause and Cardiovascular Mortality, Using Univariate and Multivariate Cox Proportional Regression Analysis

                            Crude Ratio         Model 1             Model 2
  ------------------------- ------------------- ------------------- -------------------
  Total study populations                                           
  All‐cause mortality       1.38 (1.30--1.47)   1.49 (1.38--1.60)   1.42 (1.17--1.72)
  Cardiovascular death      1.37 (1.25--1.50)   1.48 (1.33--1.64)   1.81 (1.36--2.40)
  HFpEF                                                             
  All‐cause mortality       1.25 (1.16--1.36)   1.34 (1.22--1.48)   1.06 (0.83--1.35)
  Cardiovascular death      1.23 (1.08--1.40)   1.34 (1.14--1.59)   1.20 (0.78--1.85)
  HFrEF                                                             
  All‐cause mortality       1.55 (1.42--1.69)   1.63 (1.47--1.82)   2.18 (1.58--3.01)
  Cardiovascular death      1.53 (1.36--1.73)   1.56 (1.36--1.79)   2.41 (1.63--3.56)
  HF with a LVEF \<40%                                              
  All‐cause mortality       1.65 (1.46--1.86)   1.63 (1.44--1.84)   2.43 (1.64--3.59)
  Cardiovascular death      1.61 (1.38--1.89)   1.61 (1.37--1.90)   2.76 (1.65--4.62)

Model 1: with adjustments for sex, left ventricular ejection fraction, sodium, uric acid, hypertension, use of β‐blockers, mineralocorticoid antagonists, and renin--angiotensin system inhibitors.

Model 2: with adjustments for variables of Model 2 plus N‐terminal prohormone brain natriuretic peptide (n=767).

AHEAD indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus; HFpEF, heart failure with preserved left ventricular ejection fraction; HFrEF, heart failure with reduced left ventricular ejection fraction; LVEF, left ventricular ejection fraction.

Refinement of AHEAD Score {#jah32211-sec-0012}
-------------------------

Based on the multivariate Cox proportional hazard models, uric acid was independently related to clinical outcomes in the study population (Table [3](#jah32211-tbl-0003){ref-type="table-wrap"}). By a cut‐off value of 8.6 mg/dL derived from receiver operating characteristic curve analysis, uric acid was incorporated with the AHEAD score to construct the AHEAD‐U index. Table [4](#jah32211-tbl-0004){ref-type="table-wrap"} demonstrates the comparisons of model performance between AHEAD and AHEAD‐U. In short, AHEAD‐U outperformed AHEAD by showing a better model fit according to the likelihood ratio χ^2^ statistic (8521.58, *P*=0.0134) and Akaike information criterion (8552.64). Compared with the AHEAD score, AHEAD‐U significantly reclassified more patients into the correct risk categories and achieved a net reclassification improvement of 19.66% (*P*=0.0002) in all‐cause mortality and 20.08% (*P*=0.0025) in cardiovascular mortality.

###### 

Univariate and Multivariate Cox Proportional Regression Analysis of All‐Cause Mortality in Total Study Population

                                                          Univariate          Multivariate                       
  ------------------------------------------------------- ------------------- -------------- ------------------- --------
  AHEAD Score                                             1.38 (1.30--1.47)   \<0.01         1.49 (1.38--1.60)   \<0.01
  Male sex, men vs women                                  1.09 (0.94--1.26)   0.26           0.97 (0.82--1.16)   0.74
  Hypertension[a](#jah32211-note-0005){ref-type="fn"}     0.81 (0.71--0.93)   \<0.01         0.91 (0.77--1.08)   0.28
  LVEF (%)                                                0.54 (0.38--0.77)   \<0.01         0.34 (0.21--0.53)   \<0.01
  Sodium, mEq/L                                           0.97 (0.96--0.99)   \<0.01         0.98 (0.97--1.00)   0.06
  Uric acid, mg/dL                                        1.05 (1.02--1.08)   \<0.01         1.03 (1.00--1.06)   0.03
  β‐blockers[a](#jah32211-note-0005){ref-type="fn"}       0.65 (0.57--0.75)   \<0.01         0.68 (0.57--0.82)   \<0.01
  RAS inhibitors[a](#jah32211-note-0005){ref-type="fn"}   0.62 (0.52--0.73)   \<0.01         0.76 (0.61--0.94)   0.01
  MRAs[a](#jah32211-note-0005){ref-type="fn"}             0.75 (0.65--0.86)   \<0.01         0.84 (0.71--1.00)   0.05

AHEAD indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid antagonists; RAS, renin--angiotensin system.

Yes vs no.

###### 

Comparison of Model Performance Between AHEAD and AHEAD‐U Scoring Systems for Predicting 3‐Year All‐Cause and Cardiovascular Mortality

                             Model Fit   Reclassification                                                  
  -------------------------- ----------- ------------------ --------- ------------- -------- ------------- ---------
  All‐cause mortality                                                                                      
  AHEAD                      8527.69                        8555.79   (Reference)            (Reference)   
  AHEAD‐U                    8521.58     0.0134             8552.64   0.1966        0.0002   0.1022        \<0.001
  Cardiovascular mortality                                                                                 
  AHEAD                      3806.40                        3845.21   (Reference)            (Reference)   
  AHEAD‐U                    3799.98     0.0113             3839.05   0.2008        0.0025   0.1025        \<0.001

AHEAD indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus; AIC, Akaike information criterion; NRI, net reclassification improvement.

The likelihood ratio test was used to compare the goodness of fit of AHEAD and AHEAD‐U models, with 1 difference in parameters between 2 models.

The risk thresholds of 20% and 45% for all‐cause mortality, and 10% and 23% for cardiovascular mortality were used to classify subjects as low‐, moderate‐, and high‐risk group.

Validation of the AHEAD‐U Score {#jah32211-sec-0013}
-------------------------------

The baseline characteristics of the validation cohort, comparing to the study population, are demonstrated in Table [5](#jah32211-tbl-0005){ref-type="table-wrap"}. Although the validation cohort was distinct from the study population, regarding age, left ventricular systolic function, and morbidities, the survival probabilities of the validation population were reduced when every 1‐point increase of the AHEAD‐U score (Figure [3](#jah32211-fig-0003){ref-type="fig"}). The AHEAD‐U score was crudely associated with total mortality during a 3‐year follow‐up duration (1.46, 1.21--1.76). With adjustments for age and sex, AHEAD‐U remained related to the outcomes (1.25, 1.01--1.56) of the validation cohort.

###### 

Baseline Characteristics of Patients in the HARVEST Registry and the Other Acute Heart Failure Population

  Variable                                                  HARVEST, n=2143   Validation Cohort, n=175   *P* Value
  --------------------------------------------------------- ----------------- -------------------------- -----------
  Age, y                                                    76.7±12.3         69.9±15.4                  \<0.01
  Male sex, n (%)                                           1449 (67.6)       135 (77.1)                 \<0.01
  LVEF, %                                                   54.9±18.8         39.2±15.2                  \<0.01
  HFrEF, n (%)                                              681 (31.8)        118 (67.4)                 \<0.01
  Comorbidities, n (%)                                                                                   
  Hypertension                                              1287 (60.1)       130 (74.3)                 \<0.01
  Diabetes mellitus                                         816 (38.1)        88 (50.3)                  \<0.01
  Coronary artery disease                                   645 (30.1)        102 (58.3)                 \<0.01
  Atrial fibrillation                                       843 (39.3)        47 (26.9)                  \<0.01
  Hematology and biochemistry                                                                            
  Hemoglobin, g/dL                                          11.8±2.2          11.8±2.3                   0.85
  Creatinine, mg/dL                                         1.9±1.4           1.79±0.96                  0.20
  eGFR, mL/min per 1.73 m^2^                                52.0±29.4         50.6±27.1                  0.69
  Sodium, mmol/L                                            138.7±4.8         138.5±4.4                  0.31
  Uric acid, mg/dL                                          8.6±3.0           9.1±8.7                    0.86
  Total cholesterol, mg/dL                                  155.4±42.7        156.9±37.6                 0.26
  LDL cholesterol, mg/dL                                    94.0±34.4         100.3±32.4                 \<0.01
  NT‐proBNP, pg/mL[a](#jah32211-note-0010){ref-type="fn"}   3.8±0.6 (n=767)   7.7±1.6 (n=89)             \<0.01
  Pharmacological therapy, n (%)                                                                         
  RAS inhibitors                                            1789 (83.5)       125 (71.4)                 \<0.01
  β‐Blockers                                                1356 (63.3)       105 (60.0)                 0.39
  MRAs                                                      1222 (57.0)       99 (56.6)                  0.91
  Statin                                                    850 (39.7)        49 (28.0)                  \<0.01

eGFR indicates estimated glomerular filtration rate; HARVEST, heart failure registry of Taipei Veterans General Hospital; HFrEF, heart failure with reduced left ventricular ejection fraction; LDL, low‐density lipoprotein; LVEF, left ventricular ejection fraction; MRAs, mineralocorticoid antagonists; NT‐proBNP, N‐terminal prohormone brain natriuretic peptide; RAS, renin‐angiotensin system.

NT‐proBNP were log‐transformed.

![Kaplan--Meier survival curve analysis in the validation cohort, stratified by AHEAD‐U score.](JAH3-6-e004297-g003){#jah32211-fig-0003}

Discussion {#jah32211-sec-0014}
==========

The present study independently validated a simple and practical scoring system, obtained from bedside estimation; the AHEAD score was independently associated with the long‐term prognosis in an Asian cohort of AHF. Both in subjects with HFrEF and HFpEF, AHEAD score remained related to mortality consistently. The study may extend the clinical applications of risk‐predicting models in patients with HFpEF, while the established prognostic calculators were constructed based on study populations, in which the majority were HFrEF. Given that uric acid was correlated with clinical outcomes, independent of AHEAD score, AHEAD‐U score was computed by the incorporation with uric acid. AHEAD‐U outperformed AHEAD score in improving the risk classification in patients with AHF.

Risk Classifications in Acute Heart Failure {#jah32211-sec-0015}
-------------------------------------------

The use of validated multivariable risk scores to estimate the subsequent risk of mortality in hospitalized patients with AHF has been recommended in the 2013 American College of Cardiology Foundation/American Heart Association Guideline.[14](#jah32211-bib-0014){ref-type="ref"} For patients hospitalized with AHF, the ADHERE (Acute Decompensated Heart Failure National Registry) Classification and Regression Tree Model is predictive of in‐hospital mortality.[2](#jah32211-bib-0002){ref-type="ref"} The EFFECT (Enhanced Feedback for Effective Cardiac Treatment) Risk Score,[15](#jah32211-bib-0015){ref-type="ref"} ESCAPE (Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness) Risk Model and Discharge score[4](#jah32211-bib-0004){ref-type="ref"}, and OPTIMIZE HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure) Risk‐Prediction Nomogram[16](#jah32211-bib-0016){ref-type="ref"} are predictive of the longest 1‐year mortality. In comparison with these published models, Spinar et al[7](#jah32211-bib-0007){ref-type="ref"} demonstrated that the AHEAD risk scoring system is simpler and easier to obtain, based on comorbidities and bedside estimations. The value of the prognostic model is that of the information related to heart failure prognosis and disease trajectory, which may favorably influence physician‐prescribing behaviors. Unlike CHA~2~DS~2~‐Vasc score for atrial fibrillation, the existing HF prediction models are usually too complicated to be popularized. A simple model to predict the mortality of acute heart failure may facilitate the clinical applications at the bedside and finally improve the quality of care.

The study confirmed that the AHEAD risk scoring system could be generalized to an Asian cohort by showing that each 1‐point increment of the AHEAD score was associated with a 38% excessive 3‐year mortality risk. However, given a higher LVEF and the exclusion of patients with acute coronary syndrome, the study population indeed had better survival, compared with that of Spinar et al[7](#jah32211-bib-0007){ref-type="ref"} (Table [6](#jah32211-tbl-0006){ref-type="table-wrap"}).

###### 

The Predicted 3‐Year All‐Cause and Cardiovascular Mortality Rates by Sum of Score in AHEAD and AHEAD‐U Indices

  Sum of Score   AHEAD               AHEAD‐U                                 
  -------------- ------------------- ------------------- ------------------- -------------------
  0              0.16 (0.15--0.18)   0.08 (0.07--0.09)   0.16 (0.14--0.18)   0.08 (0.07--0.08)
  1              0.22 (0.21--0.23)   0.11 (0.10--0.11)   0.20 (0.19--0.21)   0.10 (0.09--0.10)
  2              0.26 (0.25--0.27)   0.13 (0.12--0.14)   0.24 (0.23--0.26)   0.12 (0.11--0.13)
  3              0.33 (0.31--0.34)   0.17 (0.16--0.18)   0.29 (0.27--0.30)   0.15 (0.14--0.15)
  4              0.40 (0.38--0.42)   0.21 (0.20--0.22)   0.37 (0.35--0.39)   0.19 (0.18--0.20)
  5              0.47 (0.41--0.53)   0.26 (0.23--0.30)   0.42 (0.39--0.45)   0.23 (0.21--0.25)
  6              ···                 ···                 0.48 (0.39--0.58)   0.28 (0.23--0.34)

AHEAD indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus; AHEAD‐U, indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus, U: Uric acid.

AHEAD Score in Heart Failure With Reduced or Preserved Left Ventricular Systolic Function {#jah32211-sec-0016}
-----------------------------------------------------------------------------------------

While ≈50% of HF patients are HFpEF[17](#jah32211-bib-0017){ref-type="ref"} and the mortality rate is similar to those with HFrEF, the neurohormonal activation and pathophysiological heterogeneity indeed are different between the phenotypes of HF.[18](#jah32211-bib-0018){ref-type="ref"} Therefore, the prediction model might vary. To our knowledge, this is the first study to describe risk models specifically for hospitalized patients with HFpEF and HFrEF. AHEAD score was independently predictive of mortality in both subjects with HFrEF and HFpEF. However, each increment of AHEAD score was associated with 55% and 25% increasing risks of death in HFrEF and HFpEF, respectively. The results may support a better performance of AHEAD score in patients with HFrEF, and the heterogeneous pathophysiology of HFpEF that subjects with HFpEF have is more strongly associated with noncardiovascular comorbidity and aging.[19](#jah32211-bib-0019){ref-type="ref"}, [20](#jah32211-bib-0020){ref-type="ref"} In the adjusted Cox regression model, AHEAD was still associated with all‐cause and cardiovascular mortality in subjects with either HFrEF or HFpEF, indicating the AHEAD score was still a prognostic factor in both phenotypic HF. Given the limited sample size (n=494) and events (135 mortalities and 54 cardiovascular deaths, respectively) in the fully adjusted model with NT‐proBNP, we did not have sufficient power to evaluate the prognostic impacts of AHEAD score in the fully adjusted model of HFpEF.

AHEAD‐U Outperformed AHEAD Score in the Prediction of Outcomes {#jah32211-sec-0017}
--------------------------------------------------------------

We previously have demonstrated that hyperuricemia was correlated with increased mortality, independent of traditional risk factors and NT‐proBNP in patients hospitalized for AHF with either HFrEF or HFpEF.[8](#jah32211-bib-0008){ref-type="ref"} In this study, uric acid remained correlated with all‐cause mortality, independent of AHEAD score and comorbidities. We therefore incorporated hyperuricemia (uric acid \>8.6 mg/dL) with the AHEAD score to construct the AHEAD‐U index. The study results showed that the AHEAD‐U index significantly outperformed the AHEAD index by reclassifying 19.7% of subjects appropriately for all‐cause mortality and 20.1% for cardiovascular mortality, which may suggest the AHEAD‐U index is more appropriate for predicting long‐term prognosis in an Asian AHF cohort.

Study Limitations {#jah32211-sec-0018}
-----------------

The study has some limitations. First, since we only enrolled subjects who had undergone echocardiographic examinations in the analysis, selection bias was not avoidable. While the biplane Simpson\'s method is suggested to evaluate LVEF,[21](#jah32211-bib-0021){ref-type="ref"} we used 2‐dimensional‐guided M‐mode measures in this study because the data derived from Simpson\'s method were not registered in our web‐based system until 2010. However, in a total of 818 patients with available LVEF measured by Simpson\'s rule, the conclusions remained the same (Table [7](#jah32211-tbl-0007){ref-type="table-wrap"}). Second, 520 patients have been excluded from this analysis. However, their baseline characteristics regarding age, sex, LVEF, and morbidities, and the rate of mortality or cardiovascular death were similar to the analyzed samples, which suggested the samples were representative of the study population. In addition, there were 1376 missing values of NT‐proBNP mainly (82%) because of the historical constraint that commercialized measurement of NT‐proBNP was available only after 2009. Although there were discrepancies in age, presence of hypertension and atrial fibrillation, hemoglobin, and uric acid levels, the absence of NT‐proBNP values was not associated with mortality (1.14, 0.98--1.33) in Cox proportional hazard model. Meanwhile, the absence of NT‐proBNP values and the mortality rates have a similar trend over the study period. After adjusting for the fixed "year" effect, the absence of NT‐proBNP values also was not associated with mortality in logistic regression analysis. The evidence supported that the absence of NT‐proBNP values was because of the historical constraint and it was not related to the outcomes. Third, considering the clinical feasibility, some other parameters that are reported to correlate with the prognosis of AHF such as active cancer, body mass index, and chronic obstructive pulmonary disease were not included in the present prognostic modeling.[2](#jah32211-bib-0002){ref-type="ref"}, [22](#jah32211-bib-0022){ref-type="ref"}, [23](#jah32211-bib-0023){ref-type="ref"} Fourth, we internally validated the AHEAD‐U score for the long‐term outcomes of AHF patients in a small population. Further studies of clinical practice are needed to confirm the feasibility and generalizability of AHEAD as well as AHEAD‐U scores.

###### 

Hazard Ratios and 95% CI of a 1‐Point Increase in AHEAD Score for Long‐Term All‐Cause and Cardiovascular Mortality, Using Univariate and Multivariate Cox Proportional Regression Analysis in Patients with Left Ventricular Ejection Fraction Measured by Simpson\'s Rule

                                                        Crude Ratio         Model 1             Model 2
  ----------------------------------------------------- ------------------- ------------------- -------------------
  Total study populations, n=818                                                                
  All‐cause mortality                                   1.28 (1.14--1.44)   1.46 (1.24--1.72)   1.26 (1.00--1.58)
  Cardiovascular death                                  1.54 (1.29--1.84)   1.69 (1.32--2.17)   1.50 (1.09--2.07)
  HFrEF, n=328[a](#jah32211-note-0013){ref-type="fn"}                                           
  All‐cause mortality                                   1.45 (1.19--1.75)   2.04 (1.49--2.79)   1.84 (1.29--2.60)
  Cardiovascular death                                  1.73 (1.33--2.26)   2.28 (1.51--3.45)   2.04 (1.29--3.22)
  HFpEF, n=490[a](#jah32211-note-0013){ref-type="fn"}                                           
  All‐cause mortality                                   1.21 (1.04--1.41)   1.29 (1.06--1.57)   0.90 (0.65--1.27)
  Cardiovascular death                                  1.46 (1.13--1.88)   1.42 (1.02--1.97)   1.06 (0.62--1.81)

Model 1: with adjustments for sex, left ventricular ejection fraction, sodium, uric acid, hypertension, use of β‐blockers, mineralocorticoid antagonists, and RAS inhibitors. Model 2: with adjustments for variables of Model 2 plus NT‐proBNP. AHEAD indicates A: atrial fibrillation, H: hemoglobin, E: elderly, A: abnormal renal parameters, D: diabetes mellitus; HFpEF, acute heart failure with preserved ejection fraction; HFrEF, acute heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal pro‐brain natriuretic peptide; RAS, renin--angiotensin system.

LVEF had been calculated by means of Simpson\'s rule.

Conclusions {#jah32211-sec-0019}
===========

In conclusion, the AHEAD score performed well for predicting long‐term mortality in the Asian AHF cohort with either HFrEF or HFpEF. In addition, the AHEAD‐U score may further improve the risk stratification from the AHEAD score.
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